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Abstract In this paper, we study on optimization design of refractive index profile to realize few-mode fibers
(FMFs) with low diﬀerential mode group delay (DMGD) using function expansion method. The FMFs with mul-
ti-step index (MSI) profiles can express graded index (GI) profile by dividing core region finely, but, this approach
increase the design parameters. As a result, the convergence of the solution may degraded and complicated refractive
index may be obtained. On the other hand, the function expansion method can express a continuous index profile
with less number of design parameters and the design eﬃciency may be improved by utilizing it. In this approach,
we demonstrate the design example of FMFs with four guided modes to confirm the validity of this optimization
method.
Key words Few-mode fiber, Mode division multiplexing, Diﬀerential mode group delay, Finite elemnt method


















































∇× (p∇×Φ)− k20qΦ = 0 (1)
????k0 ????????p?q?Φ??? E ??????
H ????????????
p = 1, q = 1/n2 for Φ = E (2)
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ai(i = 1, 2, · · · ,M)?????
εr = εr(a1, a2, · · · , aM ) (11)
— 2 —
???????????????????? (10) ?????







































{ϕ}T [M ]{ϕ} (13)













































Ms(M = 2Ms+1)?????????????????? 2?
?????????????s????? (r2s−1 <= r <= r2s+1)
??????
ε(s)(r) = a2l−1
(r − r2s)(r − r2s+1)
(r2s−1 − r2s)(r2s−1 − r2s+1)
+ a2s
(r − r2s−1)(r − r2s+1)
(r2s − r2s−1)(r2s − r2s+1)
+ a2s+1
(r − r2s−1)(r − r2s)
(r2s+1 − r2s−1)(r2s+1 − r2s) (17)
???????????? ε(s)(r) = 0 (r < r2s−1, r > r2s+1)
????????? (16)????????????????


























































???????????? nclad = 1.45?oﬀset = 1.5 µm?
ntrench = 1.444235?wtrench = 6.5 µm???? 12 µm ???





































































































? 5 ??????????? DMGD ??????
K = 5 × 10−3?r = 1.05????????????????
?????????????????????????? (19)
???? Nλ = 5????? 1.53, 1.54, 1.55, 1.56, 1.57 µm?
??????????????? 200???????
? 3 ?????????????? 4 ?????????









?????????? DMGD ??????? Max|DMGD|
?????????????????? Max|DMGD|???
?? 2500 ps/km??????????????? 10 ps/km
????????????????????????????
???????????????????????????
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